Abstract: Micro hydro systems can be regarded as a renewable energy source resulting from the natural hydrological cycle, it is by some considered sustainable due to the lack of impoundment of water and assumed negligible environmental impact. Experience with wind energy has highlighted that as the uptake of renewable energy technologies increases so government policies need to keep pace if public complaints and rejection of these technologies is to be averted. Studies on micro hydropower, particularly in an urban setting where propagation of noise is a planning issue, have been very limited. This paper focuses on the acoustic environmental impacts of micro hydropower considering a Reverse Archimedean Screw (RAS). Acoustic samples were taken directly above the RAS, and on a 5m interval along a transect and then at, 30m and 60m along another transect. Two further transects were considered and sampling was made at 30m and 60m. Initial results indicate that during normal operation at 25kW the screw would be barely perceptible beyond 60m; the weir provides significant masking of the turbine noise. It also shows that the noise generated is directional in nature at this site.
Introduction
It is widely recognised that worldwide energy demand and use is continuing on an apparent, unceasingly ascending trend as, rapid population growth, economic development and therefore inherent demand for fuel increases [1, 2] . The world energy mix is depicted by the International Energy Agency (IEA). According to their World Energy Outlook (2008) [3] ; renewables accounted for around 13% of global energy in 2006. This figure is predicted to rise to around 14% in the IEA 2030 reference scenario; and 24% in the IEA 450 (2030) policy scenario (based on policies under consideration). Oil and gas shares are predicted to be around 50% in both 2030 scenarios whilst coal lost some of its market share to an increase in the use of renewables (including biomass and waste), and nuclear energies.
The role of hydropower as a renewable resource varies dependent on the scale of the installation. As discussed by Frey and Linke [5] , many legislative organisations do not consider large-scale hydro power to be a renewable resource when determining eligibility for government support. However, as argued in the paper, this is not a question of renewability but of sustainability. Although micro and pico hydro systems are assumed to be more environmentally friendly due to the lack of impoundment of water and assumed negligible environmental impact [4] [5] [6] emerging literature indicates that detrimental environmental impacts can be caused by smaller scale schemes [4] . Paish (2002) [4] indicates that small scale hydro developments in Europe will be the main area for hydro development in the future as the majority of large scale sites have already been exploited and micro hydro schemes seem to be growing in development and government support in the UK [2, 6] . In the urban setting, the issue of noise generation from visible systems can be a significant factor in the viability of the scheme, and the time period over which it is run. As part of a wider on-going research on the above issues, this paper will focus on initial results from a study of the impacts of a hydro scheme on the acoustic environment.
As there is recognised potential for hydro schemes in cities due to existing infrastructure, it would appear that there is need for such a study.
Three sites (semi-rural) within the UK using a Reverse Archimedean screws (RAS) to generate electrical power have already been identified as causing a noise nuisance. However, this tends to be associated with poor installation/design faults rather than general noise nuisance during normal operation. Any noise nuisance, whether design faults or operational, may be escalated within a densely populated and built-up urban setting. If micro-hydro is to penetrate into our cities then noise evaluation will become a key issue in the planning and design of such schemes. An extensive but not exhaustive literature search has demonstrated that this type of research has yet to be undertaken. Government policies may need to change to support these technologies and make them more viable; however, evidence is required to enable the government to establish the true impact on the environment of such technologies.
It is known that hydropower sites are most efficient at a particular speed, head and flow [4] . However, the relationship between the power output, river flow and sound power levels is not known. The following study will present measurements taken in the field to evaluate the sound generated from a RAS scheme in New Mills, running at a power output of 25kW, with a total head of 3+ metres, and in comparison to the existing sound produced by water flowing over a weir.
Methodology
Acoustic measurements were carried out around a 2.6 x 11m tri-blade RAS, with a fixed rotation of 28.03min -1 generating at 25kW and a river flow of around 2.17cumecs, located in a parkland setting, within an urban environment. Figures 1 and 2 show plans, and photos of the site respectively. There do not appear to be any standards, or current methods for acoustic sampling of micro hydro turbines in the field in the UK possibly the world. It was therefore prudent to utilize BS 7445 and BS 4142 and the field site's complex geography to design a sampling strategy. Acoustic samples were taken along transects shown in figure 1. All samples were taken at 1.4m above the ground surface and where possible over 3m away from any facades. Acoustic samples were also taken directly above the RAS to enable the sound power level to be derived. On transects (a), (b) and (c) samples were taken at 30m and 60m from the RAS. Transects (b) and (c) also included a sample at 90m. Samples were then taken at 5m intervals along transect (d). Sampling directly to the side of the RAS was deemed unsuitable due to the presence of a wall. Figure 2 is a photo of the site taken from above; the right hand image shows the bridge from which it was taken After numerous visits, it was determined that the site's acoustic characteristics do not alter significantly over time. However, a sample of the acoustic environment was carried out using WinMLS (Windows Maximum Length Sequence), at a fast sampling rate to determine the required acoustic sampling time at each sampling instance. Two minute samples were deemed sufficient for this study.
In addition to the acoustic sampling, figure 1 also, shows the location of two pressure gauge sensors, which have been installed to allow future work on river flows, efficiency and acoustic impacts of the turbine at this site. Sound Pressure Level (SPL) samples were taken (unweighted Leq) at each point along the transects using Class 1, MP231 microphones and WinMLS 2008. This was repeated when the RAS was running, and when all the water was diverted over the weir and the fish pass. A laser range finder and tape measure were used to give accurate distance of the sampling points from the weir and RAS for accurate sound propagation calculations and soundscape analysis. Processing of the acoustic samples was undertaken in the lab using WinMLS 2008. The main acoustic assumption is that the background soundscape is the same as when the screw is operational.
Results & Discussion
It is noted that in this paper, only limited results available are presented, and further measurements are being made. However, the results are of interest as there is no known data published for the sound propagation from RASs in the literature.
At a distance of 90m, the effects of other weirs downstream from the site were found to mask the sound from the RAS. Therefore, data from the 90m samples are not analysed further. Figure 3 shows the SPL at increasing distances from the RAS along transect (d). As expected, higher frequencies attenuate at a greater rate, see figure 3 . The attenuation along distance is significant, and at a typical frequency, 500Hz, the SPL attenuation is about 10dB.
Observations of 1/3 octave plots and signals, figures 4, 5 and 6 and recordings from the near field, transect (d); indicate a near white noise soundscape environment. By this, it is meant that the sound environment sounds like white noise. This near white noise is generated mainly by the water falling over the broad crest weir. Further to this a noticeable drop in amplitude in the signal can be observed with distance and between on and off, though less so. The spectrum plots of zero metres from screw, figure 4 , indicate that there is a 3dBA difference between the screw being off and on which in acoustic terms contributes a barely legible amount [7] . 
. 1/3 octave spectrum plots of the SPL with 2 minute signal, when the RAS is operational at 25kW (red) and when the RAS is off, flow is diverted over the weir (blue) taken from directly above the RAS zero metres from screw.
At lower frequencies, the SPL with the RAS being off is 7-10dB higher. This might be due to the reduced volume of water falling over the weir when the RAS is running at 25kW, reducing the low frequency component as less water falls into the weir pool. This may also explain the increase in SPL in the mid ranges. A similar pattern can be observed in the plots of samples taken 5m from the RAS, figure 5 ; and again at 10m, figure 6 . However, there is less of a difference between the dBA results; with a difference of around 1dB and the mid to high frequency ranges being of a similar nature. However, lower frequencies are higher in amplitude during the background sampling than when the screw is operational, which may also be due to reflections from surrounding walls or being more exposed to the weir through an opening in the wall next to the screw and a function of directivity. Figures 4-6 show a decrease in signal amplitude with distance. figure 7 show the SPL with increasing distance from the RAS along the three different transects a -c when the flow is diverted over the weir and the RAS is off. The amplitudes are higher along transect (c) than (a) or (b), however this transect is located 10m from a stone cliff and road bridge, and it was noted on site that reflections were audible. The background data was all collected within a 40 minute period.
At 30m on transect (b); there is a swash noise from water flowing over irregular rocks in the river next to the sample point. There are similar geographical features at this sample point to transect (c), which may increase the reflections in the area, including the large stone bridge, ruined walls and stone cliffs, though these cliffs are situated further away, and the ground is generally softer and grass covered between. There is an increase at 125Hz between the 30m and 60m sampling points on this axis (b). This may be related to other sound sources in the area, such as weirs present further downstream, or reflections in the area. It should also be noted that the large stone bridge near to the sampling point (Figure 2) , is a road traffic bridge and this may explain the greater SPL low frequency results.
Along transect (a), running perpendicular to the RAS, the results taken at 30m and 60m sample points are noticeably lower in amplitude than (b) and (c) see figure 7 and table 1. As with the previous background plots figures 3, 7 & 8 , the SPL of 31.5Hz is higher than that with the screw operational, see figure 9 . Figures 8 and 9 compare the SPL measured along transect (d) when the RAS is both on and off.
With a doubling of distance between 30 and 60m, in free-field conditions attenuation would be 3dB. Half the frequencies measured have higher attenuation levels than the 3dB whilst the other frequencies attenuate at a lower rate. It is thought that these differences are a function of the sampling environment as no corrections were added to the data, e.g. surface roughness differences or directivity. The variation in SPL differs depending on the frequency from 0.1dB to 9.1 dB, with an average difference between background frequencies and operational frequencies of 4.5dB at 0m, 3.3dB at 5m and 1.6dB at 10m. At 31.5Hz the SPL when the RAS is not operational is greater than when it is. These results are for a period when river flow enables the RAS to produce 25kW; further research is required to understand the generation of noise at a range of flows and electrical power outputs, and to validate the results presented. 
Conclusions & Future Work
Initial results indicate that during normal operation at 25kW the screw would be barely perceptible beyond 60m, and adds just 3dB to the background environment and thus in many cases have negligible urban environmental impact running at 25kW. The weir has a significant masking effect on the RAS sound output. Further to this, the results indicate a directional aspect to the sound propagation from a RAS. However, whether this is a feature of the site or a feature of the RAS design is yet to be determined.
